INTRODUCTION
In (Ambrosino et al., 1984; Bartolini and Zolezzi, 1988 ) the structure of Model-Reference Adaptive Controllers (MRAC) was introduced in the variable structure control (VSC) theory for single-input-singleoutput (SISO) plants. Following this approach, new controllers were proposed in (Hsu et al., 1994) for SISO plants, where adaptation is achieved through signal synthesis, instead of parameter adjustment.
An early reference on output-feedback adaptive VSC of MIMO systems is (Tao and Ioannou, 1989) where, however, VSC was used as an auxiliary control signal to achieve robustness and disturbance rejection. In this paper, an output-feedback based unit vector MRAC (UV-MRAC) for MIMO plants is proposed. While the controller of (Spurgeon et al., 1996) uses a state space description of the plant and a nonlinear observer, the approach here, likewise (Tao and Ioannou, 1989; Chien et al., 1996) , is based on the plant transfer function matrix and follows the development of MRAC without explicit state observers. The UV-MRAC is an extension of the scheme developed in (Hsu et al., 1994) for SISO systems and generalized s can be determined without any prior knowledge about the transfer function parameters (Wolovich and Falb, 1976) . In order to achieve uniform vector relative degree, one can follow the approach of (Chien et al., 1996) which employs a precompensator to render the relative degree uniform and equal to n § max i ¡ n i © . Assumption (A5) is a considerable reduction in the amount of a priori knowledge concerning the plant HFG matrix required. In (Tao and Ioannou, 1988; Tao and Ioannou, 1989; Chien et al., 1996) the more restrictive assumption of positive definiteness of K p S p (and also symmetry in some approaches) is needed.
The reference model is defined by 
T . Then, the regressor vector can be expressed as ω §
where Ω 1 and Ω 2 are appropriate constant matrices. Defining the error state as X e , the error equation can be written as (Hsu et al., 2002 )
We now make the following assumption on the class of admissible control laws.
(A7) The control law satisfies the inequality
In this case the system signals will be regular which guarantees that no finite time escape occurs in the system signals (Sastry and Bodson, 1989 ).
DESIGN AND ANALYSIS
The UV-MRAC stems from the variable structure model-reference adaptive controller (VS-MRAC) developed for SISO plants in (Hsu et al., 1994) .
The case of relative degree one
The proposed control law is (Hsu et al., 2002) 
where S p R m m is a design matrix which verifies assumption (A5) and θ nom is some nominal value for θ . Considering the error equation (18) and the control law (19), exponential stability is achieved if the modulation signal satisfies
where c ε (Hsu et al., 2002) .
The case of higher relative degree
For higher uniform relative degree the unit vector control strategy cannot be applied directly. Similarly to the SISO case, to overcome this difficulty, the controller structure is now modified according to Figs. 1 and 2 (Hsu et al., 1994; Hsu et al., 1997) . A key idea 
In order to fully account for the initial conditions, the following state vector z is used
In what follows, all K's and a's denote generic positive constants, and "Π" and "Π 0 " denote any term of the form K 
where (16), (23), (25) and (26) with state z as defined in (31) is globally exponentially stable with respect to a residual set of order τ. Proof: see Appendix B.
SIMULATION RESULTS
An articulated suspension system is described in Fig. 3 . The objective is to make the load position (y 2 ) and orientation angle (φ ) track the reference model output through the control of two linear displacement actuators. The control signals are the actuator forces u 1 andū 2 . The plant is linearized in the neighborhood of φ § 0 rad, resulting in the input-output representation
where the plant output vector is y § 
CONCLUSION
This paper proposes a model-reference sliding mode control strategy for uncertain linear MIMO systems. An important stability condition is that K p S p should be Hurwitz. It does not seem to be overly restrictive since it is known to be a necessary and sufficient condition for the existence of sliding modes in unit vector control systems as may be concluded from (Baida, 1993, Theorem 1) .
The UV-MRAC employs averaging filters with sufficiently small time constant τ. This time constant is similar to the small parameter ε which characterizes high gain observers (HGO) in sliding mode controllers. In the latter, peaking of control and observer signals may arise as ε & 0. In both types of controllers, tracking errors tend to zero as the small parameters tend to zero. However, an important feature of the UV-MRAC is that it possesses global exponential properties uniformly with respect to τ © 0 £ τ for some small enough τ . This implies that the UV-MRAC preserves global stability and is free of peaking as τ & 0, unlike the HGO case. In the other hand, experiments on underwater vehicle control have shown the robustness with respect to input disturbances, unmodeled dynamics and measurement noise of a model reference sliding mode controller similar to UV-MRAC (Cunha et al., 1995) . Future works include the robustness analysis to unmodeled dynamics and chattering alleviation which can be extended from the SISO case.
where β 0 uN © t is bounded by Π 0 . Then, applying Lemma 2 to equation (26), which can be rewrit- 
